Isolation of Polyoma Virus and Semliki Forest Virus from Tissue Culture Fluid by Continuous Flow Zonal Ultracentrifugation
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Recently Anderson and his associates have described a series of high-speed zonal centrifuge rotors designed to allow small animal viruses to be isolated from large volumes of culture fluid without pelleting (1, 2). In these rotors the culture fluid flows as a thin sheet across the surface of a liquid density gradient. Particles suspended in the fluid are rapidly sedimented out of the stream and become trapped in the gradient solution. Further centrifugation causes the particles to band at, or near, their isopycnic points. The capabilities of this type of rotor have been explored with adenovirus and T 3 phage (2). This paper describes the application of continuous flow zonal centrifugation to the problem of concentrating and purifying large quantities of polyoma virus and Semliki Forest virus from c. 5 1. of tissue culture fluid.
A Beckman model ZU ultracentrifuge and a BXVI continuous flow zonal rotor were used in these experiments. The rotor was loaded with an 800 ml. sucrose gradient varying linearly with volume from 30 % (w/w) to 60 % (w/w). The sucrose solutions contained o.i M-KC1 and Io mM-tris+HC1 buffer, pH 7"5.
The interrelationship between sample flow-rate and rotor speed and the efficiency of the BXVI rotor in removing polyoma virus (S20,,o 242)(3) from the sample fluid is shown in Fig. I . At maximum rotor speed, more than 95 ~/o of the virus particles are pumped through the rotor at I7oo ml./hr and the virus allowed to band for 2 hr at 40,0o0 rev./min. (Fig. 2) . Polyoma virus (Mill Hill) was grown in primary monolayer cultures of mouse embryo cells (strain TO). The culture medium (Hanks's balanced salt solution containing o'5 % (w/v) lactalbumin hydrolysate and Io % (v/v) calf serum) was collected 7 days after infection of the cultures with polyoma virus (I to Io p.f.u./ cell) and stored at -2o °. Immediately before zonal centrifugation the fluid was thawed, pooled and heated at 56o for 30 min. Cell debris was removed by centrifugation at 900 g for 30 min. Haemagglutinin (HA) was assayed as described by Eddy et al. (4) except that perspex trays were used in place of Kahn tubes. Plaque assays were done as described by Dulbecco & Freeman (5) and Winocour & Sachs (6) . Optical density (E 26o) was recorded continuously as the rotor contents were displaced and 30 ml. fractions were collected for determination of solution density and virus titre by HA assay and infectivity. Considerable concentration of the virus was achieved since 90 % of the virus harvested from 5 1. could be recovered from 200 ml. of gradient solution. However, the virus banded over a range of densities from r. t 9 to 1.25 g./gm, a and was not completely separated from subcellular particles. A proportion of the virus particles was probably attached to remnants of cell membrane since polyoma virus shows a marked tendency for such attachment (7) .
In a similar experiment with Semliki Forest virus (S20.o, 32o) (8) 4"6 1. of tissue culture fluid was pumped through the rotor at I4oo ml./hr. Semliki Forest virus was grown in 4 1. batches in spinner cultures of BHK2I cells adapted to growth in suspension (kindly supplied by Dr K. H. Fantes, Glaxo Laboratories, Stoke Poges, Buckinghamshire). Cells were infected at an added multiplicity of 20 to 40 p.f.u./cell and, after absorption overnight at 4 °, were diluted to a concentration of 0"5 x Io ° cells/ml. and incubated at 37 °. The cells were removed by centrifugation 8 hr later and the supernatant fluid was stored at -70 °. Actinomycin D (I #g./ml.) was added at the beginning of infection and [3H]uridine (5o #c/ml.) was added 3 hr later. Before zonal centrifugation the fluid was thawed, pooled and treated with protamine sulphate (I mg./ml.). After I8 hr at 4 ° the precipitate was removed by centrifugation at I5oo g for 3o min. Haemagglutinin (HA) was assayed as described by Clarke & Casals (9) and plaque assays done on chick fibroblasts (10). Optical density (E 260) was recorded continuously as the rotor contents were displaced and 2o ml. fractions were collected for determination of solution density, virus titre by HA assay and infectivity, and radioactivity by liquid scintillation counting. The virus was concentrated into a sharp band of density I"I75 to I.I9o g./cm?, with more than 9o% of the harvested infectious material in ~oo ml. of gradient solution. The treatment of the sample fluid with protamine sulphate before zonal centrifugation markedly reduced the contamination of the virus band with subcellular particles. When the fractions containing infectious material were pooled and purified further by dialysis, sedimentation and banding in CsC1 gradients, there was little change in the u.v. spectrum of the virus and only a small increase in the specific radioactivity--66oo counts/min./E26o in the pooled fractions compared with 7600 counts/min./E 26o in the purified preparation. This suggests that the infectious material banding in the zonal centrifuge gradient was relatively free from cellular contamination. The broad band of haemagglutinating material at the top of the gradient appeared to consist of incomplete virus particles since it contained no significant amounts of radioactive or infectious material.
These experiments demonstrate the feasibility of using continuous flow zonal centrifugation on sucrose density gradients for rapidly concentrating, and purifying to a considerable extent, large quantities of infectious virus from large volumes of tissue culture fluid. The data presented will facilitate the selection of suitable gradients, rotor speeds and flow-rates for isolating other viruses of known sedimentation coefficient and density in sucrose.
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